mplantation is one of the most crucial steps for a successful in-vitro fertilization (IVF)-embryo transfer (ET). Implantation success depends on the quality of the embryo and endometrial receptivity. Even with a good quality embryo transfer, the rates of implantation may vary between 25-30% per transferred embryo. 1,2 Implantation occurs during the "implantation window", which is the period between the 19 th and 23 rd days of the menstrual cycle, when endometrial receptivity is at its peak, and includes a three-stage process of apposition, adhesion and invasion of the blastocyst to the endometrium.
Is There any Impact of Local Endometrial Injury on Implantation and Clinical Pregnancy Rates in the First in Vitro Fertilization Cycles pregnancy rates in patients at the first IVF-ET cycle was presented by Karimzade et al. However, the therapeutic impact of LEI still remains unclear due to the heterogeneity of the patient population, timing of this intervention and techniques for inducing endometrial injury. [6] [7] [8] The purpose of the present study was to demonstrate the effect of LEI, applied before the first IVF-ET cycle, using office hysteroscopy, on implantation and pregnancy rates.
MATERIAL AND METHODS
This retrospective case-control study was designed after the approval from the Local Institutional Review Board. Electronic medical records of the patients who were treated in the IVF Clinic of Etlik Zübeyde Hanım Women's Health Training and Research Hospital, Ankara, Turkey between June 2007 and November 2012 were analyzed retrospectively. All patients provided informed consents for the procedure and allowed use of their medical information for research purposes at the time of admission. In this study, the patients with the first IVF-ET cycle, under the age of 40 years, who underwent long luteal gonadotropin releasing hormone (GnRH) agonist protocol, were included. Patients with hydrosalpinx, organic pathology in the uterine cavity and anovulatory menstrual cycles were excluded. Since office hysteroscopy is a routine part of pre-procedural evaluation of the patients before the first IVF-ET cycle in the IVF clinic, in order to maximize the available number of patients that received LEI, these patients were selected as the study group.
Uterine cavities were evaluated by office hysteroscopy in the menstrual cycle's early proliferative phase before IVF-ET cycle. The study group involved 250 patients with no endometrial pathology detected during hysteroscopy and had LEI in three regions: anterior uterine wall, posterior wall and the fundus, using office hysteroscopic scissors. The control group consisted of 122 consecutive patients who only had a diagnostic office hysteroscopy with no endometrial pathology prior to this study and met the same inclusion criteria. Of-fice hysteroscopy and LEI procedures were carried out by an experienced reproductive endocrinologist to maintain uniform injury size and minimize potential bias.
For each patient, long luteal GnRH agonist protocol was used for controlled ovarian hyperstimulation (COH). Combined oral contraceptive pill (Desolett; Schering Plow, USA) was administered on the third day of the last spontaneous menstrual cycle before the IVF-ET cycle. In order to suppress the pituitary gland and spontaneous ovulation, GnRH agonist (Lucrin; Abbott, France or Decapeptyl; Erkim Pharmaceuticals, Turkey) was administered on the 21 st day of the menstrual cycle. Once pituitary suppression was achieved, (serum Estradiol (E2) concentration <40 pg/ml or no ovarian follicles >10 mm), the agonist dose was halved. Recombinant follicle stimulating hormone (rFSH) (Gonal-F; Serona, Italy or Puregon; Organon, Net herlands) or human menopausal gonadotropin (HMG) (Menogon; Ferring, Germany or Menopur; Ferring, Germany or Merional; ARISTA, Turkey) was administered for ovarian stimulation.
Follicular development was followed up via transvaginal ultrasonography (USG) (8MHz, Logiq, USA) and serum E2 measurements. Recombinant human chorionic gonadotropin (hCG) (Ovitrelle; Serona, Germany) 250 mcg or urinary hCG (Pregnyl, Netherlands) 10,000 IU was given when at least three follicles with a diameter≥17 mm were detected. Oocyte pick-up (OPU) was performed under intravenous sedo-analgesia and transvaginal ultrasonographic guidance, approximately 36 hours after hCG administration. Follicular fluid and oocytes were aspirated with a pressure of 100-120 mmHg (Lobetect, Germany) using 16-18-gauge needle, penetrating sharply into follicles larger than 10 mm.
Embryo transfer was performed under transabdominal ultrasonographic (5 MHz, Logiq, USA) guidance 2-5 days after OPU, preferably 1-3 embryos of grade 1-2 quality, that were obtained using the standard procedure of intracytoplasmic sperm injection (ICSI) were transferred. Beginning with the OPU day, progesterone gel (8% Crinone gel, Watson, USA) was used vaginally twice a day during the first 12 weeks of pregnancy, for luteal phase support. On the 12 th day after the embryo transfer, serum β-hCG was measured in order to evaluate treatment outcomes. Transvaginal USG was used on the 6 th week, for clinical pregnancy detection.
The primary goal of this study was to determine the impact of LEI on implantation rate; secondary goal was to determine its impact on clinical pregnancy and miscarriage rates. The number of gestational sacs observed by USG was divided to the total number of transferred embryos in order to calculate the implantation rate. Clinical pregnancy was identified as the presence of intrauterine gestational sac with a positive fetal heart activity on the 6 th week. In order to calculate the clinical pregnancy rate, the number of patients diagnosed with clinical pregnancy was divided by the total number of patients who underwent embryo transfer. Miscarriage rate was calculated by dividing the number of miscarriage before the 24 th week of gestation to the number of clinical pregnancies. 3 SPSS for Windows 15.0 (SPSS for Windows, Chicago, Illinois) was used for statistical analysis. The student's t test was employed for the normally distributed quantitative data. Mann-Whitney U test was preferred for variables that did not fit the normal distribution; and, Chi-Square and Fisher-Exact tests were utilized for qualitative and categorical data. Descriptive values include mean ± standard deviation (SD), median and minimum / maximum values, frequency and percentage values for qualitative data. Statistical significance threshold was accepted as 0.05.
RESULTS
Out of 372 patients evaluated, the study group consisted of 250 patients while the control group had 122 patients. Figure 1 demonstrates the flow-chart of the study. The main characteristics of the patients are shown in Table 1 . There was no statistically significant difference between the groups regarding the baseline characteristics. The patients' Table 2 demonstrates the clinical features of the controlled ovarian hyperstimulation (COH) cycles of the patients participating in the study. The mean duration of the stimulation was statistically significantly longer in the LEI group (9.5±1.8 days versus and 8.7±2.1 days, p<0.001), while the mean total gonadotropin dose used per cycle was significantly lower (1990±737 IU versus 2530±1082 IU, respectively, p<0.001) than the control group.
On the day of hCG, the mean endometrial thickness was 10.2±2.1 mm in the study group and 9.9±2.2 mm in the control group, and the groups did not reflect any statistically significant difference. The difference between the mean endometrial thickness of the two groups on the OPU day, was statistically significant, since it was 9.4±3.1 mm in the study group and 10.3±2.3 mm in the control group. In the study group, 181 patients underwent embryo transfer and this number was 92 in the control group. In the study group, the mean endometrial thickness on ET day was significantly lower than the control group (9.6±4.0 mm ver-sus11.1±2.2 mm, respectively, p<0.001).
The clinical features of oocytes and embryos are shown in Table 3 . The difference was not statistically significant between the two groups with regard to total oocyte count, number of oocytes in metaphase II and number of oocytes undergoing ICSI. The number of embryos transferred was significantly higher in the control group (p<0.001). Fertilization rate was 53.4% in the study group and 51.4% in the control group. The difference between the groups was not statistically significant in terms of fertilization rates. One hundred (35.5%) D3 and 182 (64.5%) D5 transfers were carried out in the study group, while these numbers were 59 (55.2%) and 48 (44.8%) in the control group.
In the study group, total and clinical pregnancy rates were higher (43.1% vs 37%, p>0.05, and 28.7% vs 26.1% p>0.05, respectively). However, there was no statistically significant difference between the groups. Also the difference between the groups was not statistically significant in terms of miscarriage rates. The implantation rates were similar (19% and 12.9%, respectively) as well (Table 4 ).
DISCUSSION
In this study, which included the patients who were under 40 years of age in their first IVF-ET cycle; LEI was carried out by office hysteroscopy through the early proliferative phase before the IVF-ET cycle. Than the impact of the LEI on pregnancy and implantation rates were evaluated. In the study group, there was an increase in the clinical pregnancy, total pregnancy and implantation rates, but there was no statistically significant difference between the groups. Since office hysteroscopy is a routine part of pre-procedural evaluation of the patients before the first IVF-ET cycle in our IVF clinic, in order to maximize the available number of patients that received LEI, these patients were selected as the study group.
The first studies investigating the effect of LEI on the success of IVF-ET cycle were conducted in patients who had recurrent IVF failure. The earliest of these was reported by Barash et al. in 2003 . A total of 134 patients with recurrent IVF failure were evaluated in that study. 3 Of them, 45 underwent endometrial sampling with biopsy catheter on days 8, 12, 21 and 26 of the cycle prior to the IVF-ET cycle, and it was shown that clinical pregnancy, implantation, and live birth rates were doubled. After this study, in 2007, Raziel et al., performed LEI on 60 women who had recurrent IVF failure, on the 21 st and 26 th days of the luteal phase, and implantation and pregnancy rates were higher than the control group according to their findings. 9 After these two non-randomized trials, randomized controlled trials evaluating the effect of endometrial injury in women who had recurrent IVF failure were published. In most of these studies, LEI in the cycle preceding the IVF-ET cycle increased significantly in terms of clinical pregnancy, implantation and/or live birth rates, while it was found ineffective in other studies. [10] [11] [12] [13] [14] In two meta-analyses, in which randomized and non-randomized trials were evaluated together, it was stated that LEI on women who had recurrent IVF failure increased the clinical pregnancy rates with respect to the control group. 4, 5 In the review of 14 studies, LEI was found to be related with an increase in clinical pregnancy rates in women who had two or more ET, while having no effect on incidence of twin pregnancy, miscarriage or bleeding. 15 In the current study, it was found that LEI increased implantation and clinical pregnancy rates in the patients who had their first IVF-ET cycle but this increase was not statistically significant.
The first study investigating the impact of LEI in the first IVF-ET cycle was reported by Karimzade et al. in 2010. In this prospective randomized controlled trial, 77 patients with the first IVF-ET cycle had two endometrial biopsies taken from the anterior and posterior walls of the uterus with Novak curette on the OPU day. 6 Clinical pregnancy rates (12.3% vs 32.9%; odds ratio [OR] 0.25; 95% confidence interval [CI]=0.12-0.66), implantation rates (7.9% vs 22.9%) and ongoing pregnancy rates (9.6% vs 29.1%; OR 0.25; 95% CI= 0.10-0.64) were found to be significantly lower in the study group. 6 However, the current study demonstrated that LEI conducted in early proliferative phase, performed prior to the IVF-ET cycle increased the implantation rates (19% vs 12%).
In a prospective randomized controlled study, 400 patients with the first IVF-ET cycle had LEI performed on them with a biopsy catheter in the luteal phase before the IVF-ET cycle. Live birth and implantation rates were significantly lower in the control group than the study group (67% vs 28%, and 22.4% vs 18%, respectively). 16 In 2014, Yeung et al., evaluated 209 sub-fertile women with the first IVF-ET cycle, who underwent LEI with a biopsy catheter in the luteal phase preceding the IVF-ET cycle and no difference was reported in ongoing pregnancy rates of the study and control groups. 17 In these two studies, unlike our study, LEI was induced by a biopsy catheter in the luteal phase of the menstrual cycle.
Although there is some evidence that carrying out LEI in the luteal phase leads to more decidualization and increases endometrial receptivity, it is still unclear whether it is better to perform on the luteal or proliferative phase. In this study, LEI was formed in the early proliferative phase similarly to the study of Huang et al. However, in some studies endometrial injury was created either both in the early proliferative phase with the luteal phase or only in the luteal phase. 3, [9] [10] [11] 18 There is no consensus on the appropriate time interval between LEI and stimulation. According to our clinical protocol, injury was created in the menstrual cycle before stimulation, similar to some studies in the literature. 3, 9, 10 However, there are some studies where LEI is performed during the COH cycle. 6, 18, 19 In 2008, Zhou et al., reported increased live birth, implantation, and clinical pregnancy rates when they performed LEI in the stimulation cycle. This finding may be explained by the fact that LEI regresses the development of the endometrium that is under the effect of supraphysiological hormone levels and synchronizes the endometrium and embryo. 19 However, Karimzade et al. showed that LEI induced by endometrial biopsy taken on the OPU day significantly reduced implantation and clinical pregnancy rates compared to the control group, which means that, LEI during stimulation cycle could adversely affect embryo implantation. They stated that LEI in the luteal phase before stimulation cycle induced gene expression, increased cytokine production and other positive effects, whereas the protein profile created by LEI during stimulation cycle might have a negative effect on embryo and receptive endometrium and therefore a certain interval between injury and transfer was required. 6 The retrospective nature of this study is its major limitation. Another important limitation is the inadequate homogenization of the patients, especially in terms of embryo transfer days. Larger scale studies in which variables other than LEI can be controlled, would be more valuable.
CONCLUSION
In conclusion, although it was found that LEI slightly increased clinical pregnancy and implantation rates in women with first IVF-ET cycle, there was no statistically significant difference between the groups. The outcome of ongoing prospective randomized controlled trials that aim to investigate the clinical outcome of LEI prior to the IVF cycle may give more concrete data. [20] [21] [22] S So ou ur rc ce e o of f F Fi in na an nc ce e During this study, no financial or spiritual support was received neither from any pharmaceutical company that has a direct connection with the research subject, nor from a company that provides or produces medical instruments and materials which may negatively affect the evaluation process of this study. C Co on nf fl li ic ct t o of f I In nt te er re es st t No conflicts of interest between the authors and / or family members of the scientific and medical committee members or members of the potential conflicts of interest, counseling, expertise, working conditions, share holding and similar situations in any firm.
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